Kant proposed that Space and Time underlie all knowledge; he further proposed that their mental representations are not derived empirically but are a priori or innate (1) . For present-day neuroscience, the physical basis of Kant's representation of Space might be understood as localization offunction, both sensory and motor, to specific brain regions, often somatotypic but always mapped in some topologically coherent pattern (for a review, see ref. 2) . What would embody the concept of Time? One of the principal ways Time is apprehended is through memory, a connection between innate brain structure and temporal aspects of the empirical world. A fair case could be made that Time is represented in the brain by a family of Ser/Thr protein kinases-the cAMP-dependent protein kinase, protein kinase C (PKC), Ca2+/ calmodulin-dependent protein kinases II (Ca2+/CaM kinase) and closely related family members, for example, CDC2-regulated cyclins (3) .
The prevailing hypothesis guiding cognitive neurobiological research is that persistent changes in synaptic efficacy underlie the formation of learning and memory (4) (5) (6) (7) (8) . Altered synaptic efficacy can be produced presynaptically and postsynaptically. Any process that changes the amount of neurotransmitter released would serve as a presynaptic mechanism: modulation of ion channels is the most thoroughly studied; changes in the mobilization of synaptic vesicles for exocytosis appear to be the other common presynaptic process (for a review, see ref. 8) . Any process that alters receptor action would serve as a postsynaptic mechanism. Molecular events that underlie later stages of learning are changes in synaptic structure that result in making these pre-and postsynaptic processes endure (9) . These changes, which are brought about by gene expression, are the favored explanation for the persistence of memory (10) (11) (12) .
Long-term potentiation (LTP) is currently the predominant vertebrate model for the production of explicit memory (for reviews, see refs. [13] [14] [15] . Originally, LTP was described in intact animals, where briefhigh-frequency stimulation of afferent pathways to the hippocampus causes transmission to be enhanced for hours to days. The synapses enhanced are between the afferent pathway stimulated and its postsynaptic neurons in the hippocampus (16, 17) . Since LTP can be demonstrated in vitro (18, 19) , it now is routinely examined in hippocampal slices, which remain healthy for several hours in the hands of most investigators. The (28) and that hippocampal slices from these transgenic mutant mice are deficient in their ability to produce LTP (29) . But the evidence for PKC was unclear.
Most difficult to interpret were the pharmacological observations that inhibitors specific to PKCs-for example, sphingosine and polymyxin B-block induction but not maintenance, whereas others block both induction and maintenance. To make matters worse, results from different laboratories were inconsistent. The results also depended on how the drugs were administered; for example, injection of H7 into the postsynaptic neuron blocks induction alone, while application in the bath blocks maintenance as well. While this may be the first evidence for the involvement of a presynaptic protein kinase in the maintenance of LTP, the ineffectiveness of the specific PKC inhibitors was still unexplained (for reviews, see refs. 23 and 24) . Tentatively, the general opinion was that PKC is required for postsynaptic induction but not for maintenance. To clarify these issues and to discuss the significance of the results presented by Klann et al. (23) and by Sacktor et al. (24) in this issue of the Proceedings, it is necessary to review current information on the structure of the PKCs (Fig. 1) .
To date, 10 catalytic. With PKC, regulation is inhibitory: in the absence of extrinsic activators (second messengers and other factors-for example Ca2+, specific proteins, lipids, and membrane), the kinase molecule is inactive because the regulatory portion of the enzyme molecule masks the catalytic site. A domain in the regulatory portion of the kinase contains a sequence of amino acid residues that are similar or identical to the sequence that is required in substrate proteins for phosphorylation to occur. Unlike the sequence in substrate proteins, however, the serine or threonine residue to which a phosphoryl group would be transferred is absent. In its place, the corresponding sequence in the regulatory domain contains a residue that lacks a hydroxyl moiety, usually alanine. Because it binds to the catalytic site with great affinity, the regulatory sequence (indicated by i in Fig. 1 (24) , using isoform-specific antisera, now show that both Ca2+-activated and Ca2+-independent isoforms of PKC are activated after the high-frequency stimulation, but only transiently. Furthermore, they show that PKC is active during the maintenance phase 30-180 min after induction. Unexpectedly, they both find a persistently active form of the kinase with atypical properties: it is independent of diacylglycerol or phorbol ester, it is not activated by Ca2+ and, most surprising of all, it is present in the cytoplasm and independent of phosphatidylserine. Sacktor et al. (24) Klann et al. (23) assayed PKC activity at various times beginning 3 h after stimulation and show that the atypical kinase peaks at 45 min and persists for at least 2 h more. (The slow decrease in activity observed after 45 min probably reflects declining viability of the slice preparation.) As with Sacktor et al. (24) , activation of NMDA receptors and the induction of LTP are necessary for this persistence to occur. In contrast, however, Klann et al. (23) find no evidence for the formation of PKM and suggest that proteolytic activation is not responsible for the increase in PKC activity. They suggest that, since neither of the two wellknown mechanisms-proteolysis and membrane insertion-can account for the persistence, activation of PKC must occur by another mechanism. They present some evidence that autophosphorylation or phosphorylation by other protein kinases might be involved; phosphorylation is known to occur in both the regulatory and the catalytic portions of PKC (33) (34) (35) (36) (37) . Thus, it might be possible that phosphorylation in the regulatory portion of a PKC might endow that enzyme with its atypical behavior, a suggestion akin to the mechanism proposed for Ca2+/CaM kinase II (22) . Phosphorylation of regulatory domains could also account for the failure of PKC-specific inhibitors to affect maintenance: in a PKM, the targets of the inhibitors are absent; in a phosphorylated PKC, the targets could be blocked. Nonetheless, neither modification would account for the difference in sensitivity to the inhibitors, which depend on how the agents are administered. (24) producing the early phase and the protocol of Klann et al. (23) producing both phases of LTP. Both of these papers present results that illustrate how learning and memory might be reflected in the molecular properties of PKC. In a metaphorical sense, PKC and the other Ser/Thr protein kinases behave as if they were taught, memorizing temporal connections between events in the empirical world. Fur 
